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Goals of this Study
 The goals of this study are to 
quantify the water content in olivine 
grains from North Carolina dunites 
by using Fourier-Transform Infrared 
Spectroscopy(FTIR).
 By doing so the goal is to provide 
supporting evidence for prior 
research done by Peterson et al. 
(2009) on the Crystal Preferred 
Orientation(CPO) of these dunites. 
Figure 1: The Nicolet Continuum FT-IR Microscope
used for the analysis. 
What is Fourier-Transform Infrared 
Spectroscopy?
 It is a method of infrared spectroscopy where infrared 
radiation is passed through a sample. When the IR 
passes through, some of the radiation gets absorbed 
while the rest passes through unabsorbed. 
 FTIR is useful because different chemicals or 
molecular structures absorb different wavelengths of 
IR and each chemical has its own unique pattern of 
absorption which makes it useful for detecting 
different compounds in a sample.
Figure 2: Example 
of an absorption 
graph.
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Background Information
 The Buck Creek suite is found in the southern Appalachians, in North 
Carolina. 
 It is a mafic-ultramafic complex which is one of the larger southern 
Appalachian ultramafic exposures (Peterson et al. 2009). 
 It is interpreted that the Buck Creek suite has an igneous origin as a 
mid-ocean-ridge cumulate. 
 It was then emplaced deep in a subduction setting into the lower 
crust (Peterson et al. 2009). 
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Figure 3: Diagram
showing the 
tectonic setting, a 
subduction zone, 
where different 
CPO’s form. 
Background Information Cont. 
 Crystal preferred orientations tell us about the active slip systems 
that are currently going on in the earth. By knowing the CPO and 
thus the active slip system, it enables scientists to know how rocks 
are actively being deformed. 
 The Buck Creek Suite dunites are believed to have a B-Type CPO 
based on Peterson et al. (2009) prior research.
Background Information Cont.
Figure 4: Geologic map showing the 
area where the Buck Creek Suite is 
located.
Figure 5: Zoomed in geologic map of 
the Buck Creek Suite and where 
samples have been collected.
Methods
 Sample Prep
 FTIR analysis
 Data Reduction
 Interpretation/Results
Methods: Sample Prep
 To prepare the olivine for analysis the grains had to be doubly 
polished. We had a doubly polished thick section made 
professionally by Spectrum Petrographics. 
 Prior to traveling to North Carolina’s Museum of Natural Sciences to 
conduct the analysis, hand picked clean grains were also sorted 
from crushed dunite to provide clean grains in case they were 
needed for more analysis. 
 The hand-picked grains were later polished on one side to be 
analyzed as well as the grains from the thick section.
 The grains from the thick section had to be removed from the thick 
section glue to be properly analyzed. 
Here is a short video 
showing the FTIR 
microscope scanning 
one of the sets of grains. 
It first went through and 
took images of the 
“map” and then went 
back and scanned each 
individual grain with IR 
and recorded the 
absorbances. It knew 
where the grains were by 
predetermined points set 
by the user. 
Methods: FTIR Analysis
 From the analysis, there were a total of six scans performed, three 
from grains from the thick section, and three of grains from the hand 
picked and polished grains.
 Between the six scans, 100 grains were analyzed using FTIR. 
 39 of the grains were found to be contaminated by lizardite, a 
serpentine mineral that is hydrous and effects the water content 
analysis. 3 were believed to be quartz and so they were thrown out 
as well. 
 This left 58 clean olivine grains that could be used for the study. 
Methods: Data Reduction
 The data from the FTIR analysis was then put into Excel and had to 
be reduced before it could be used in the final calculations
 The data had to be corrected for a baseline, and a background 
correction, (Figure 6). 
 From there we were able to calculate the peak area or the 
integrated absorbance of each grain by using a Reimann sum 
which was used in the final calculation, (Figure 7).
 While calculating the integrated absorbance we were also able to 
calculate the thickness of each grain which is another variable in 
the final equation to calculate water content (Figure 7). 
Figure 6: 
Example of one 
of the samples 
baseline and 
background 
correction in 
excel.
Figure 7: Example 
of one of the 
samples in excel 
calculating the 
Reimann sum of 
the constrained 
peak area shown 
by the blue lines, 
and thickness. 
Results
 The formula used to calculate the water content is a modified Beers 
Lambert law equation from Aubaud et al. (2009). 
 It is 𝐶𝐻2𝑂 =
𝑀𝐻2𝑂∗𝐴
ρ∗𝑑∗ε
 Where, 𝐶𝐻2𝑂 is the concentration of H2O in the sample.
 𝑀𝐻2𝑂 is the molecular weight of H2O in g/mol.
 A is the integrated absorbance.
 ρ is the density of olivine in g/l.
 𝑑 is the thickness of the sample in cm.
 ε is the molar absorption coefficient. 
 The molar absorption coefficient was taken from Kovacs et al. (2010). 
Results Cont. 
 By using the equation from 
Aubaud et al. (2009) the 
average water content of 
the 58 grains was found to 
be 194.8959145ppm.
 This shows that these grains 
are relatively dry, but still 
have detectable water. 
Table 1: Complete table
of calculated water
contents of all 58 grains
with the average water
content included.
Discussion
 With the water content being determined we can then look back at 
Crystal Preferred orientations to see if our water contents agree with 
the prior research done by Peterson et al. (2009).
 Based on the Electron Back Scatter Diffraction research the stress 
and temperature of the Buck Creek Suite was able to be 
determined which gave them a result of B-Type CPO. 
 In addition to temperature and stress being variables for CPO, water 
content is a third variable that is used to help further constrain the 
CPO. 
 By looking at figure 8 we can see the range of water contents for B-
Type Orientation which looks to be ~150-1,350 (ppm H/Si). 
Discussion Cont. 
 Then by looking at figure 9 we can see a 
chart that has all three variables for CPO 
on it.
 By looking at our average water content of 
194.9 ppm for olivine we can see that our 
calculated values support the claim that 
these olivine's have a B-Type CPO. 
Figure 8: 
Deformation fabrics 
at high 
temperatures 
plotted as a 
function of water 
content and stress. 
(Karato et al. 2008)
Figure 9: Graph showing the 
relationship between CPO’s 
based on temperature, 
water content and stress.
Karato et al. (2008).
This shows that 
our results 
further 
constrain the 
environment of 
deformation 
and narrow 
down the 
amount of 
stress put on 
these grains.
Conclusions
 We have determined that the olivines from the Buck Creek Suite do 
contain water through Fourier Transform Infrared Spectroscopy.
 Our results of the olivines having an average water content of 194.9 
ppm fall within the constrains for B-Type Crystal Preferred 
Orientation.
 In addition to that, it helps further constrain the conditions of 
deformation in these olivines as B-type have a wide range of water 
contents, but our results show that they are relatively dry and 
experienced high stress.
 The results of FTIR provides supporting data for Peterson et al. (2009) 
research into the CPO of olivines from the Buck Creek Suite in North 
Carolina and further constrains the range of stress and temperatures 
that these rocks underwent. 
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